In Europe, a steady mortality decline has been observed from the 1950s, however, Central and Eastern Europe underwent a period of stagnation or even worsening from the 1960s to 1980s. Since that time an evident mortality decline could be observed in that part of Europe too. Within the post-communist countries, mortality development has been most favourable in Slovenia, the Czech Republic and Slovakia. The aim of this study is to describe the latest development of cancer mortality in two selected countries -the Czech Republic and Slovakia. These two countries have much in common, including many similar long term trends in demographic or social indicators' development. The study evaluates whether cancer mortality development differs in the two countries or rather follows a similar trend. From the presented results it is clear that the development apparently differs namely according to sex. The results according to selected particular causes of death (from the group of malignant neoplasms) are presented as well. It could be assumed that many aspects could be improved by prevention programmes or screening.
INTRODUCTION
Mortality development in many Central or Eastern European countries during the second half of the 20th century may be divided into 3 specific periods. The first one is the period of rapid improvement in the 1950s followed by the second period of stagnation or even worsening from the 1960s to 1980s, and the last one is a period of improvement from the 1990s in Central Europe and a period of several mortality crises in the Eastern post-communist countries. For this study only two countries were selected for a deeper analysis -the Czech Republic and Slovakia. Both countries have much in common, including a shared history as two parts of one country until 1993. Also their general mortality development in the 20th century was similar. When life expectancy at birth (below referred to as "life expectancy" without any specification of age) is used as a description of the mortality level in both countries, it can be seen that its value increased by almost 10 years during the 1950s. Although the life expectancy of both males and females was higher in the Czech Republic at the beginning of the 1950s, at the end of that decade values in both countries were almost the same (around 73 years for females and 68 for males). The following period was also typical in both countries with only a slight increase for females and a stagnation (or worsening in the 1960s) for males. From 1990, mortality development in both countries started to differ. In the Czech Republic, the life expectancy of females started to increase more rapidly and in Slovakia a mild rate of increase was observed. In case of males, however, life expectancy had already started to increase in the Czech Republic during the 1980s while in Slovakia its value only started to grow after 1990 (Fig. 1) .
Favourable mortality development in most developed countries could also be connected with changes in the structure of deaths according to different causes (1, 2) . In accordance with the theory of cardiovascular revolution (3), the proportion of cardiovascular diseases among all deaths has decreased in the most developed countries, the proportion of this group of causes compared to total deaths decreased from about 50% (in the 1950s) to nearly 30% at the end of the first decade of the 21st century (4) . The situation is not yet the same in the two analysed countries. In 2013 in both countries, around 43% of males died because of cardiovascular Republic, Slovakia, 1950 -2013 diseases and around 28% because of malignant neoplasms. For females the proportion of cardiovascular diseases remains even higher in comparison to males (almost 52% in the Czech Republic and more than 57% in Slovakia). However, the proportion of malignant neoplasms is nearly identical (slightly above 22% in both countries). The increase in this proportion has been more rapid in Slovakia.
Fig. 1. Life expectancy at birth, males, females, Czech
In both countries mortality from cardiovascular diseases has decreased rapidly during the studied period. Also, both countries show the most rapid decrease in cancer mortality when compared to other post-communist countries (5) . However, because of differing development in the number of deaths from malignant neoplasms as a proportion of all deaths in both studied countries (Table 1) , there is a need for a more in-depth study of cancer mortality.
The aim of this study is to describe the latest development of cancer mortality in the Czech Republic and Slovakia and to find out whether cancer mortality development differs in the two countries or rather follows a similar trend. Any differences will be studied in more detail using data on particular causes of death or an analytical method of decomposition showing the overall trends in mortality according to selected causes of deaths from the class of malignant neoplasms.
MATERIALS AND METHODS
Just for a basic comparison of life expectancy at birth, data from the Human Mortality Database, University of California, Berkeley, USA, and Max Planck Institute for Demographic Research, Germany, was used. For detailed analysis, data on deaths according to age groups and groups of causes of death were used as well as population size within the same age structure in the middle of the year (exposure). Cause specific analysis was applied only to the years 1994 and later because since then the 10th revision of International Classification of Diseases (ICD) has been used in both studied countries, so no data transformations had to be used.
Numbers of deaths according to causes of death, were taken from the Czech Statistical Office (numbers of deaths according to a detailed list of causes of death; numbers were aggregated into the (6) . For simple description of cancer mortality standardised mortality rates were used. In the calculation the age-specific mortality rates were weighted by the new European standard (7) . The more detailed analysis was performed using the method of decomposition. This method produces the age and cause-specific contributions to the difference in life expectancy between the two analysed populations. In this way the differences in life expectancy between 1994 and 2013 for both countries were decomposed. This method of decomposition was proposed by Pollard (8) and is calculated as follows:
where is the age specific mortality rate in age group < x; x + n) (n is the width of the age interval) in population A from a cause (or group of causes) of death i .w x are the age-specific weights:
where is the number of survivors to age group < x; x + n) in population A from the life table and is the life expectancy at age x in the same life table. In both life tables the l 0 is the same value of the root of the table. For the first age group the weight is calculated differently -with higher weight of age x (0.92) and lower weight of age x + 1 (0.08). This reflects the higher concentration of deaths during the first year of life just after birth. For the detailed analysis of cancer mortality, 17 causes of deaths (groups of causes) were selected; all of them representing causes from the group of malignant neoplasms ( Table 2 and 3) .
Cause of death

RESULTS
In accordance with expectations, the overall mortality development is positive in both analysed countries. Using the age-standardised mortality rate for a basic comparison, one can follow the decreasing trend for both sexes in both countries over the whole studied period. For males, the differences between the two countries has been visible from the middle of the 1990s, for females only from the middle of the 2000s. Only in the latest years, the decline in mortality in Slovakia has been more rapid (Fig. 2) . The trend would be similar, or even more visible, if the age-standardised mortality rates were calculated only for circulatory diseases (not shown here). However, the picture is completely different when following mortality only from the causes in Chapter II of ICD-10 (Neoplasms). At the beginning of the studied period, the situation was more favourable for both sexes in Slovakia than in the Czech Republic. However, for males the age-standardised cancer mortality rates are nearly the same from 1998, but the decreasing trend is more rapid for Czech males, particularly from the beginning of the 21st century. During the last years of the studied period, mortality from neoplasms almost levels off in Slovakia. For females, there are not so many fluctuations around the trend. Mortality from neoplasms was lower for Slovak females until the year 2013, where the values of the age-standardised mortality rates for females in both countries were nearly the same. Again the decreasing trend is more rapid in the Czech Republic than in Slovakia, where mortality from neoplasms remains almost unchanged during the studied period (Fig. 3) .
Considering the cause-specific mortality rates for Slovak males in 1994 the most common causes of death within malignant neoplasms (MN) were malignant neoplasm of larynx, trachea, bronchus and lung (C32-C34), followed by malignant neoplasm of stomach (C16) and malignant neoplasm of rectosigmoid junction, rectum, anus, and anal canal (C19-C21). Mortality from the first two causes decreased up until the year 2013 by about a quarter. Mortality from the third cause even increased slightly. As a result the most common cause of death within malignant neoplasms for Slovak males in 2013 was still MN of lung. However, the second most frequent malignant neoplasm in 2013 was malignant neoplasm of prostate (C61), where the age-standardised mortality rate increased from 1994 by about 30%. The third most frequent cause of death within malignant neoplasms in 2013 was malignant neoplasm of colon (C18), where the mortality rate increased by more than 50% from 1994. For males in the Czech Republic in 1994, the most frequent causes of death within malignant neoplasms were the same as in Slovakia in 2013, i.e. MN of lung, prostate and colon. However, mortality from all these causes of death decreased by 15% (MN of prostate) to 33% (MN of colon) and 36% (MN of lung) until 2013. Despite this decrease, the same three causes (or groups of causes) remained the most frequent in 2013 in Czech males (Table 2) .
For females the development was completely different. In 1994, for Slovak females the most common cause of death within malignant neoplasms was malignant neoplasm of breast (C50), followed by MN of stomach (C16) and MN of rectum (C19-C21).
Whereas mortality from MN of stomach decreased by 2013 by nearly 46% and from MN of rectum by more than 16%, mortality from MN of breast increased by about 12%. These trends resulted in the fact, that MN of breast still remained the most frequent cause of death within malignant neoplasms for Slovak females in 2013. However, in 2013 this cause was followed by MN of lung, where the mortality rate increased from 1994 by more than 30%, and by MN of colon where mortality rates in 2013 were more than 28% higher in comparison to 1994. Also in the Czech Republic MN of breast was the most common cause of death from malignant neoplasms for females in 1994. However, mortality from this cause decreased up until 2013 by more than 31%. In 1994, this cause was followed by MN of colon, for which the mortality rate decreased until 2013 by 36%. The third most frequent cause of death within the studied group of causes was MN of lung in Czech females in 1994. By 2013, mortality from this cause had increased, making it the second most frequent cause of death for Czech females within malignant neoplasms. The most frequent cause remained MN of breast, however, the mortality rates for these two causes of death were nearly the same. The third most common cause within the studied group of causes in 2013 was malignant neoplasm of pancreas (C25). The mortality rate from this cause remained nearly the same in 2013 as in 1994 ( Table 2) . As described above, the most common cancers in the Czech and Slovak Republics in 1994 and 2013 partially differ -this is caused not only by sex specificity in causes of death (e.g. MN of breast) but also by different trends in mortality developments over time (between 1994 and 2013). The mortality development from malignant neoplasms (measured by the change in age-standardised mortality rates) was the most favourable in case of Czech males (among both sexes in both compared countries). The only cause of death where the age-standardised mortality rate increased between 1994 and 2013 for Czech males was for MN of pancreas, the rate increased by less than 1%. The mortality development in Czech females was nearly as favourable -mortality rates for almost all malignant neoplasms decreased between 1994 and 2013. There was only a slight increase in case of MN of pancreas and MN of lip, oral cavity and pharynx (C00-C14) -by about 5% and nearly 9%, respectively. However, there are two exceptions from this favourable development -malignant neoplasm of oesophagus (C15) and above all MN of lung. For these two causes of death the mortality rates increased by more than 18% and 25%, respectively (Table 3) .
On the other hand, the mortality development for both Slovak males and females is much less favourable. For males it is possible to find only four causes of death from the studied list, where the mortality rate decreased between 1994 and 2013 -the highest decrease could be observed for MN of lung and MN of stomach, where mortality rates decreased by more than 25% and nearly 30%, respectively. For all the other causes the mortality rates increased. The situation among Slovak females was similarmortality rates decreased for only five causes of deaths, the most significant decrease can be seen in case of MN of stomach, by almost 46 %, malignant neoplasm of liver and intrahepatic bile ducts (C22), and malignant neoplasm of corpus uteri, uterus and other unspecified parts of uterus (C54-C55). For these causes mortality rates decreased by 36% and 30%, respectively ( Table 3) .
As shown above, life expectancy at birth in both countries is increasing, however, the increase is evidently higher in the Czech Republic than in Slovakia. Clearly the question ariseswhat is the reason for different trend in developments of cancer mortality in the countries ultimately reflected by different trends in life expectancy noted between 1994 and 2013? This question can be easily answered using any decomposition method. In this study, the decomposition proposed by Pollard (8) was used. This method can quantitatively present the contributions of changes in mortality from selected causes (or groups of causes) according to age (or age groups) to the difference in life expectancy between the two compared populations. The decomposition was calculated separately for males and females as well as for both countries. Positive values of calculated contributions represent positive effect on the life expectancy (i.e. a contribution to its increase), negative values represent rather a contribution to the decrease of life expectancy between compared years. The sum of all contributions for all causes of death and across all age groups is the total difference in life expectancy. The most important advantage of this method is that the contributions to the change of life expectancy reflect not only the total change in mortality from selected causes of deaths, but also their importance among other causes of death. Moreover, it is possible to see at what ages the positive or negative contributions are concentrated. So that the results remain clear and readable, contributions of only 6 causes or groups of causes are depicted in the graphs for males and 9 causes for females.
As can be seen from the graph, for Slovak males the most important contributor to the increase in life expectancy from the group of cancers is MN of lung. Life expectancy increased, above all, thanks to the positive development of mortality from this cause in the middle and higher age groups, above 40 to around 70 years ( Figure 4) . As mentioned previously, mortality from this cause decreased during the studied period by about 25%. The contributions of MN of stomach are concentrated particularly at higher ages (50 to about 75 years). Moreover, there are positive contributions from MN of lip, but only in the lower ages (from 35 to about 50 years). On the other hand, at higher ages mortality from this group of causes contributed rather negatively to the overall change in life expectancy. There are also negative contributions from MN of prostate (Fig. 4) , these are concentrated predominantly at higher ages (about 70 years and over).
As mentioned above, there is only one cause of death from the analysed list of causes for males in the Czech Republic where the age-standardised mortality rate increased over the studied period. However, MN of lip mortality also slightly increased in some age groups and so contributed negatively to the change in life expectancy (Fig. 4) . But this negative contribution is concentrated only at ages from 55 to 70 years and those negative contributions are very small and accompanied by higher positive contributions at lower ages. Also in case of Czech males, the most important contributor to the increase in life expectancy between 1994 and 2013 was MN of lung. The contributions from this cause are concentrated predominantly in age groups from 45 to 75. In comparison to the situation in Slovakia, MN of prostate contributed to the increase of life expectancy for Czech males. The contributions from this cause are greatest at the highest ages but they are already visible from around 45 years of age.
For males, it could be summed up that cancer mortality development was almost similar in the Czech Republic and Slovakia with only a few differences: the first one is the fact that cancer mortality decreased more in the Czech Republic, so the contributions to the increase in life expectancy are higher in comparison to Slovakia (in the Czech Republic the decrease in cancer mortality added 1.05 years to the increase in life expectancy while in Slovakia the overall contribution of cancer mortality was only 0.56 years). Secondly, in the Czech Republic mortality from almost all analysed causes of death decreased. In Slovakia, it is possible to find causes where mortality increased during the studied period (MN of prostate particularly at the highest ages and MN of colon in the middle age groups, from around 50 to 75 years). For both countries, the highest contribution to the increase in life expectancy is due to the decrease in mortality from MN of lung (contribution of 0.59 years in the Czech Republic and of 0.44 years in Slovakia).
As might be expected, the situation is more complicated for females in both countries. In case of Slovak females the sum of all contributions to the change in life expectancy from all analysed causes is rather small (0.20 years), because the positive contributions are almost completely offset by the negative ones. Moreover, the contributions are often not systematic across age. In Figure  5 , there are negative contributions visible particularly from MN of lung, concentrated at ages 50 and over. An irregular development is visible in case of specific female causes -MN of breast, cervix uteri or ovary. For these causes the mortality development is favourable (and contributions to life expectancy are positive) at some ages and unfavourable (negative) at other ages. Above all, in case of MN of breast a clear mortality improvement is visible at lower ages (from around 35 to 65 years), and a negative one at higher ages (above 65). This straight difference of development before and after the age of 65 could be analysed and discussed in more detail in future research, as the reasons may lie in many aspects including preventive programmes.
Although for females in the Czech Republic the contributions of analysed causes of death (0.58 years) are lower in comparison to males, in comparison to Slovak females their contributions to the changes in life expectancy are rather positive. The most significant positive contributions are visible for MN of breast in all age groups (except for a very small decrease at 30-34 years). Also, contributions of other analysed causes of death are rather systematic across age groups. Most of the contributions are concentrated at around 55 to 75 years of age. However, at these ages the positive contributions are accompanied by negative values from MN of lung. As stated above, the overall age-specific mortality rate from this group of causes increased for Czech females by more than 30% between 1994 and 2013. The Czech female population is negatively affected by mortality from this cause at ages above 60 years. At lower ages mortality from this cause slightly decreased (Fig. 5 ). This should be analysed more in detail with the aim of finding possible reasons for the development (e.g. smoking habits of females during the second half of the 20th century or environmental factors).
When we try to summarize the results for Czech and Slovak females, the cancer mortality development of females is not as favourable as for males. Above all, in case of Slovak females, the positive contributions to the change in life expectancy (caused by decrease in cancer mortality) are almost completely offset by the negative ones. In both countries females suffer from the obvious increase in mortality from MN of lung. In the Czech Republic, the overall age-standardised mortality rate from this cause increased by more than 25%, in Slovakia by more than 30%. However, whilst in the Czech Republic this cause negatively affected those above 60, in Slovakia this effect was seen after 50 years of age. At lower ages the mortality development from this cause is rather positive, particularly in Czech females. Female specific causes (MN of breast, cervix uteri or ovary) also differ in both analysed countries. Whereas in the Czech Republic mortality from these causes decreased during the studied period in all analysed age groups (with only small exceptions), in Slovakia the development across age is rather irregular, or the positive development occurred only at lower ages (below 65 years) and is accompanied by negative development at higher ages. All these facts should be studied in future research.
DISCUSSION AND CONCLUSION
As described above, both studied countries have much in common, including a shared history and general mortality development. The Czech Republic and Slovakia have been going through a period of general mortality improvement since 1990. However, evident differences can be found between the two countries with regard to mortality development. The main positive trend in mortality is influenced above all by improvements in cardiovascular mortality since in both countries cardiovascular diseases still remain the main cause of death for both sexes. The positive development of cardiovascular mortality is supposedly driven, above all, by a reduction in major cardiovascular risk factors (primary prevention) and technological development in medicine and surgery (9, 10) . However, with regard to the second main group of causes of death, neoplasms, different tendencies were revealed. For males, the trend is rather positive in both countries, though in the Czech Republic a more rapid mortality decrease is observable. Nearly the same holds for females, but in case of Slovakia there are such contradictory tendencies according to particular causes of death that the overall trend of cancer mortality could be perceived rather as unchanged. Females in the Czech Republic as well as in Slovakia suffer from increasing mortality rates in MN of lung. Moreover, in Slovakia especially at higher ages, the problem of increasing mortality from female-specific causes (such as MN of breast, cervix uteri or ovary) remains. Finding any clear reasons for this development would hardly be possible without more in-depth research of the important aspects described in other types of studies. One of the most important could be the efficiency of screening and preventive programmes in both countries (11) .
According to the research (5), in the Czech Republic and Slovakia, there are populations with rapid mortality decline. This also holds for some causes of death from malignant neoplasms. However, cancer mortality still remains relatively high in those countries. On the other hand, the Czech Republic and Slovakia are not the only countries in Central Europe where mortality from malignant neoplasms remains high or has decreased only slowly during recent years. Hungary is often mentioned as an example where cardiovascular mortality decreased while mortality from malignant neoplasms showed no significant change (12) . Also, in countries of Western, Northern and Southern parts of Europe mortality development during the second half of the 20th century was impacted, above all, by changes in cardiovascular mortality. In these countries cancer mortality remained nearly stable during the period and its proportion among all causes of death increased (4). The reasons for this development were found, above all, to be better and more affordable medical treatment and possibilities of prevention with respect to cardiovascular diseases in comparison to malignant neoplasms.
As shown in this study, for females in the Czech Republic and Slovakia, an upcoming problem seems to lie in the rising mortality from MN of lung. These causes of death could be assumed as closely related to smoking habits (13) . Smoking-attributable diseases can be found among cardiovascular diseases as well as among malignant neoplasms (4). It is supposed that the peak of mortality from smoking-attributable cardiovascular diseases occurred during the 1970s in Western Europe and from smokingattributable cancer diseases about one decade later (4). However, as consequence of different smoking habits for males and females during the 20th century, the peak for females could be expected later. Stabilization of smoking-attributable cancer mortality in Western Europe has been seen only in recent years (4) . Based on the results presented above, we can expect a future decrease in smoking-attributable cancer mortality for females during the next decade or two in Central European countries. Even now the mortality is decreasing in lower age groups. There are also other relevant factors which should be studied in relation to lung cancer mortality. For example, the prevalence may be tied to the socioeconomic status of the population, although this relationship was not confirmed for females (14) .
When searching for reasons which could explain the differences between the Czech Republic and Slovakia, it should be mentioned that there are even bigger differences within the group of post-communist countries in Central and Eastern Europe. Possible reasons could be found in their different social or economic development over the last decades (15) . It is also possible to distinguish between countries from this region, which were regarded as being more "western" or "eastern" countries even before World War II (16, 17) . From this perspective the rapid positive development of the Czech Republic could be understood as once again approaching the standards of Western European countries. However, this does not explain fully the differences between the Czech and Slovak part of a former united country. Moreover, it could be proved (18) that according to overall mortality development almost no convergence tendencies between the Czech Republic and Western European countries can be found. However, it should be pointed out, that the cited convergence analysis was not based on cause-specific data.
The development of female-specific cancer mortality, particularly in Slovakia, should be discussed in relation to prevention, because many deaths from these causes could be prevented by screening programmes or detection of malignant neoplasms in the early stages. However, even in other EU countries the coverage of screening programmes is not as high as it should be. According to estimates for cervical cancer screening, only about one third of women of the corresponding age participate (11, 19) . In dealing with cervical cancer, the incidence rate in the Czech Republic is still relatively high despite the provision of free annual preventive gynaecological examinations. The coverage is estimated to be about one third of females at ages 25-65, but it is expected to be much lower at higher ages (around 17% of females at ages 60 and over). Moreover, vaccination against HPV infection (which could lead to MN of cervix uteri) for young girls is financially supported by health insurance companies (20) . In Slovakia, the screening programmes are organised similarly, however, written invitations are planned only for the future (20) .
As for preventive programmes, many issues could be discussed in relation to the development of cancer incidence or mortality. These discussions are, however, beyond the scope of this study.
